Abstract: This paper applies the Hamiltonian approach a nonlinear oscillator of a rigid rod on a circular surface without slipping, and its natural frequency is obtained.
INTRODUCTION
Analysis of nonlinear systems is an attractive field. In recent years, many researchers focused on developing mathematical methods for solving nonlinear equations, and various effective methods were proposed, see Refs. [1] [2] [3] [4] [5] [6] [7] [8] . The Hamiltonian approach [9] is a relatively new method, and it is extremely suitable for solving various nonlinear oscillators.
In this paper, the Hamiltonian approach is implemented to solve the governing equation of a system which is shown in Fig. (1) .
Fig.1 Rigid rod on a circular surface
The problem was first studied by Gaylord [10] , the equation can be modeled as 0 cos ) 12 Y. Khan, Q. Wu, H. Askari, Z. Saadatnia, M. Kalami-Yazdi 975 and solved the equation using the max-min approach [13] and the frequency amplitude formulation [14] . In this paper we will use the Hamiltonian approach [9] to solve the problem.
HAMILTONIAN APPROACH
By using Taylor expansion, Eq. (2) is converted to: θ θ θ θ θ
Integrating Eq. (4) with respect to t, from 0 to 4 T , we have
Assuming that the solution can be expressed as 
After mathematical simplification, the following frequency-amplitude relationship is obtained : 
After comparing the solutions obtained by max-min approach [11] , the frequency-amplitude formulation [12] 
In Table 1 , the obtained frequencies are compared with exact numerical solutions for different amplitudes of oscillation. It is obvious that Hamiltonian approach is a valid and suitable method for solving this equation. Fig. 2 and Fig.3 illustrate the accuracy of this approach for large and small oscillation amplitudes. 
CONCLUSION
The Hamiltonian approach as a powerful and simple method is applied for solving the equation of motion of a rigid rod on a circular surface without slipping. Comparison between obtained frequency and exact numerical solution proved that this approach is accurate for large and small oscillation amplitudes. Although the result is same with those obtained by the max-min approach and the frequency formulation, the Hamiltonian approach is the easiest one for solving it. 
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